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Abstract : We present a method of determination of trapping parameters by using 
derivative thermoluminescence (DTL) curves. The method is applied both to numerically 
computed and experimental thermoluminescence (TL) peaks. Finally, the method is extended to 
analyse differential thermal analysis (DTA) curves.
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1. Introduction
M easurements o f therm olum inescence (TL) glow curves have been found to be useful for 
the determination o f  crystal trapping parameters which is an important area of research in 
condensed m atter physics dealing  alm ost equally with m icroscopic and m acroscopic 
systems [1]. The different m ethods for the evaluation of these parameters namely activation
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energy (£ ) ,  o rder o f  kinetics (Jb) and pre*exponential fac to r (k) have been  recently 
review ed [2,3]. The further im portance o f the analysis o f TL curves em anates from  their 
w ide applications in  archeology and dosim etry [4,5]. In the present paper w e consider a 
m ethod o f  th e  determ ination o f trapping param eters by using the derivative TL (DTL) 
curves. The advent o f m odem  instrumentation techniques, primarily the ease and flexibility 
o f instm m ent control by microprocessor have m ade automatic data control and processing a 
reality. As a result the experimental difficulties associated with the analysis o f DTL curves 
can be surm ounted. In  the follow ing sections w e describe the num erical computation of 
D TL curves, their characteristics and present equations for the calculation o f trapping 
param eters from D TL curves. W e apply the present m ethod both to numerically generated 
and experim ental peaks.
Finally we extend the m ethod developed to analyse curves o f differential thermal 
analysis [5,6] (DTA), which has found wide applications in a num ber o f areas such as the 
analysis o f different phase transitions and in kinetic studies [7-9].
2. Computation of DTL curves
2.1. Theory:
The equations for first order = 1) and general order ^  1) TL peaks can be written 
as [3]
T -  =  exp (“m - u  + F(u. « „ )]  (b =  1) (1)
and =  e x p ( H „ - « ) |^ l  -  ■ ( 6 ? t l ) (2)
with ^ ( m. “m ) =  «m exp («„  ) [   ^  ^ , (3)
w here b is the order o f kinetics, /  is the TL intensity at any temperature 7, l„ is the intensity 
at peak tem perature T„, u = E/kT and u„ =: E/kT„, k being the Boltzmann constant. E2(u) is 
the second exponential integral [10].
From  eqs. (1) and (2)
dl _ ku^ dl 
dT ~ E l u (4)
with (5)
and (6)
where
b
G - (7)
and (8)
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E q. (4) can be differentiated to give
d^I 
dT^
l ^ d l  . „ d 2 / ]
E2
where
and
0  = =
£J_  
du^ = - 2 ^ - /  + ^  exp («„-« )  (fr,t 1).
(9)
(10)
(11)
2.2. Definition o f derivative thermoluminescence (DT%) curves:
The curve o f therm olum inescence intensity I against tem perature T  is called a TL curve. 
Here, the curve o f dl/dT against T is the first DTL curve and the curve ol<fiHdP versus T is  
the second DTL curve. So one can com pute TL curves by using eqs. (1) and (2), whereas 
first DTL curve can be simulated by employing eqs. (4 H 6 ) . Again eqs. (9>-(l 1) lead to the 
computation o f second DTL curve.
3. Characteristics of DTL curves
3.1. Characterization of DTL curves :
TL, first D TL and second DTL curves for b -  \ and -  2 are respectively shown in 
Figures 1 and 2. It is seen from these figures that on differentiation, the single peak o f TL
2X) 260 290 320 3S0 310
T ( K )
Figure 2. Same as in Figure 1 butforb^Z.
(a) TL curve, (b) First DTL curve, (c) Second DTL
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curve, is converted into one maximum and a minimum in the first DTL curve; while there 
arc two maxima and a minimum in the second DTL curve. For first order DTL (Figure 1), 
the absolute value of the maximum is smaller than that o f the minimum in the first DTL 
curve; and the absolute value o f the first maximum is sm aller than that o f the second 
maximum in the second DTL curve. For second order TL (Figure 2), the shapes are 
m arkedly different; the abso lu te values o f the m axim um  and the m inim um  are 
approximately the same in the first DTL curve, and in the second DTL curve, a pair of 
symmetrical maxima is observed. Therefore, the characteristics of DTL curves can indicate 
the order o f kinetics.
i.2 . Separation o f overlapping peaks:
It is well known that it is not straightforw ard to distinguish  overlapping peaks 
corresponding to two kinds o f traps in the TL curve. However, it is obvious in the first DTL 
curve that there are two maxima (at 267 and 288 K) and two minima (at 280 and 304 K).
200 232 264 296
T ( K)
328 360
Figure 3. Computer simulated DTL curves of overlapping peaks. First peak : 
I, r a 10*^  sec“*. 0.8854 eV, 0.1667 K sec~*. Second peak : 6 =s 2. 
s 3= 10*® sec"*, £  a 0.6707 eV, a 0.1667 K sec”*, (a) TL curve, (b) First 
DTL curve, (c) Second DTL curve.
Because each individual trapping state would have one maximum and one minimum in the 
first DTL curve, the first DTL curve with two m axim a and two m inim a indicates the 
existence o f  two traps. The second DTL curve shows three maxim a (at 257, 284 and 309 K) 
and two m inim a (at 275 and 299 K). Because each individual trap would have two maxima
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and one m inim um  in the second DTL curve, from the second DTL curve with three maxima 
and tw o m inim a, one can conclude the presence o f two traps. Therefore, both the first and 
second D TL curves reveal the presence two distinct peaks corresponding to different traps 
in the TL peak profile  in F igure 3. H ence DTL curves can indicate the presence o f 
overlapping peaks.
4. Determination of trapping parameters
Let T\ and Ti (7*2 > T{) be the temperatures correspoi|ding to the maximum and minimum in 
the first D TL curve. It is found that to a very good ^ Approximation a linear relation exists 
between u\ and -  ui) where U] =  ^  and «2 ^  so that
-  Wo - f f i
which leads to
E = Ak
(12)
(13)
The coefficients A and B have been evaluated by using the technique o f linear regression 
[11] in which the m aximum of the absolute value o f the fractional error in W| is minimized. 
The coefficients A and B depend on the order o f kinetics. In Table 1, the coefficients A and 
B have been tabulated for som e values of the order of kinetics.
Table 1. Coefficients C andD occurring in equation (13) for the determination 
of the activation energy from the first DTL curve.
Relation between b C D
1.0 -0.5965 1.9246
1.5 -1.2911 2.3168
T\.T2 2.0 -1.9172 2.6317
2.5 -2.4S70 2.8968
3.0 -3.0092 3.1263
Sim ilarly, let and be the tem peratures corresponding to two maxima and 
Tj 2 be the tem pera tu re  corresponding  to the m inim um  in the second DTL curve
(  E ^< ‘Ed2 <'Ed3 )- In  th is case, also  a p lo t o f  u ^ \ -  -ptr- against Udi/(Udi-u^)
\  ‘^ J
where j  w ith is found to be linear enabling ilu s to w n te
M -
(“« c - “4r)
+  D ,
so that E  »  Ck r - ^  V +  DKTs.
(14)
(15)
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Again the coefficients C  and D  have been evaluated by using the technique o f  linear 
regression [11]. C  and D depend on the order o f kinetics and have been tabulated in Table 2 
for different values o f  b.
Table 2. Same as Table 1 but for second DTL curve [cf. eq. (15)].
Relation between b C D
1.0
1.5
2.0
2.5
3.0
1.0
1.5 
2.0
2.5
3.0
1.0
1.5
2.0
2.5 
3.0
0.3229
0.7612
0.3189
-0.0355
-0.3567
-0.1050
-2.9760
-^.0719
-4.9105
-6.5893
-0.7905
-1.0464
-1.8670
-2.5341
-3.6182
2.0895
2.0784
2.2892
2.4636
26110
3.2969
1.9431
2.2881
2.5714
2.9399
1.2067 
4 0170 
4.5769 
5.0354 
5.5487
In the present paper we suggest a method o f determ ination of order of kinetics based 
on the work o f K issinger [12] for different thermal analysis. For TL, the Kissinger shape 
index K  can be expressed as
(^ L.
(16)
AT is the ratio o f the m agnitudes o f the absolute values o f the m axim um  and the minimum in 
the first DTL curve and like the symmetry factor Hg introduced by Chen [13,14], K  can also 
indicate the order o f kinetics o f a  T L  peak.
Knowing. £  and b the pre-exponential factor s  can be evaluated fiom  the following 
eqs. [3]
^ =  ^ “ i e ’‘P ( “ iii) (*  =  !)•
s = -,1----------^  1)
E \ b - ( b - 1)«„ exp («* )£2  (u„)]
(17)
(18)
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5. Results and discussions
The computation of TL, first and second DTL curves requires the evaluation of the second 
exponential integral £ 2 (1 1), We use the computer code developed by Devi [15J to evaluate 
Eii^) hy expressing it in terms of continued fraction» The temperatures and T2 of first 
DTL curve have been obtained by solving the equations
d n du (1 9 )
numerically by Newton-McAuley method [16]. Again'thc temperatures Tj^,Tj2  and of 
the second DTL curve have been computed numerical^ from the equation
£ L
d V du^du^ = 0 (20)
The solution of eq. (20) presents some problems for the computation of Tji and T'j3. This 
diffuculty has been overcome in some cases by using bisection method [16] in conjunction 
with McAulcy method as done by Singh et al [17] in the case of differential thermal 
analysis curves. Following Singh et al |17], we have also directly computed first and 
second DTL curves from TL curves by using the qubic spline method [16] and hence 
obtained the temperatures Ti, 7^2 '^^ 3. The values of T, (i = L 2), Tj, (i = 1, 2, 3)
so obtained are in excellent agreement with those obtained by solving eqs. (19) and (20).
The Kissinger shape index parameter K depends not only on the order of kinetics but 
£also on w.. AT.. . In Figure 4, we show the variation of K with for a number of values
Figure 4. Variation of Kissinger shape index K with for ^ = ! (4 
^ s  1.5 ( w - M )  and ^ = 2.0 (------- )
of b namely = 1, 1.5 and 2. It is evident from Figure 4 that beyond «^ > 20 K is almost 
independent of u .^ For most of the observed TL peaks 20 < < 40. As a result we have
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calculated average K  for 20 ^  ^  40 for each value o f b between I ^ 3 .  Finally, the
average K has been expressed as a  quadratic function o f ^  (1 ^  6 ^  3) using the standard 
technique o f  non-linear regression [18] for 1 £  h £  3 enabling us to write
/ :  = -0 .0 7 2 7 3  + 0 .7 2 7 5 * -0 .0 6 4 1 9  R  (21)
As a check o f the present m ethod o f the determination o f trapping parameters, we 
apply it to num ber o f numerically com puted TL curves. In Table 3, we show the values of 
the trapping param eters Ec, Sc and b^ . com puted by the present method together with their 
input values and bi„. A fair agreement between the input and the calculated values of
trapping param eters is observed. It is to be noted that the calculated value o f activation 
energy shown in Table 3 is actually the average o f five values obtained by using the pairs of 
temperatures (T ,, T2), (T j,, T jj), (T ^, Tjj) and (Tji, T j,).
Table 3. Trapping parameters of some computer generated TL peaks as 
calculated by the present method.
£ « ( e V ) Si„ (sec"*) ^in £ f ( e V ) Jj. (see” *) be
0,8859 1 .0 x 1 0 * ^ 1.0 0.8864 1 002 X lo'-^ 0.968
0.8859 l.O x  10*^ 1.5 0.8862 1,01.1 X 10*^ 1 474
0.8859 1.0 X 10*^ 2.0 0.8864 1.022 X 10** 1.952
0.8859 l.O x  10*^ 2.5 0.8865 1 028 X lO'-’ 2.432
0.8859 l.O x  10*^ 3.0 0.8869 1.043 X 10*^ 2 941
Finally , we consider the applicab ility  o f the present m ethod to the 200^C  
experim ental TL peak o f NaCl : I irradiated with 2.04 KGy of y-rays and record with a 
linear* heating rate o f 1.5®Cr*‘ fl9 ]. Again we obtain fair agreement between the
Table 4. Trapping parameters of experimental 200'’C TL peak of NaCl . I 
irradiated with 2.04 kCy of y-rays recorded with p = 1.5“C.sec"’ (19J.
J,^ (scc"') bd (cV) (.sec *) be
1.145 2.0x10** 1,5 1.150 1.566 x lO" 1.504
trapping param eters (E^, ^  and b^) calculated by the present m ethod and those and
bin) obtained by Singh et at [\9] using the rigorous method o f curve fitting [20].
6. Analysis of differential therm al analysis carves
H ie  present m ethod finds straight forw ard applications to differential therm al analysis 
(DTA) curves. Follow ing Singh e ta l [17], one can write for first order (* =  1) and non-first 
order (b #  1) D TA curves
(AfT)- “ f"-* - “ + “»i)] (22)
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with Fiu,u„)  = u^exp
h
X T
( b ^ \ ) (23)
(24)
where A f  is the tem perature deviation from the baseiline at tem perature T  and (AT)„ is
E  Ethe maximum value o f AT. u = j j ;  and u„ = temperature, R is the
IW
Tabic 5. Kinetic panmelets from the experimental b tA  peak corresponding to 
the piooew (Ni(mpipz)2(NCS)2], 2H2O -» Ni(mpi|^)2(NCS)2
E^iVJ) v ( ic c - ') £c(KJ) Sf(sec"') be
143.90 7.83x 10'* 1.5 143.94 7 9 3 x lo '* 1.448
universal gas constant. It is clear that eqs. (22-24) closely resem ble eqs. (1 -3 ) for TL 
curves. So the foregoing analysis for the determination o f trapping parameters o f TL curves 
can be directly  applied to the com putation o f kinetic param eters o f DTA curves. The 
equations for the first and second derivative differential thermal analysis curves (DDTA) 
can be computed respectively from the equations
d(AT) _  Ru^dd(AT)
~ i r  --------- 1 ------ 3 T "
and d 2 (A D  _ ^d{A T) . d '(A 7 -) l
(25)
(26)
On com paring eqs. (25) and (26) with eqs. (4) and (9) respectively, we find that eqs. (13) 
and (15) can also be used to compute the activation energy of DTA peaks and if we replace 
k by Ry the eq. (21) connecting the Kissinger shape index K and b can be used for the 
evaluation o f order o f kinetics (b). Knowing h and £ , one can determine the prc-cxponential 
factor from eqs. (17) and (18).
W e apply the present method to compute the kinetic parameters of the DTA curve 
[21,22] o f  the dehydra tion  o f N i[(m pipz)2(N C S)2 ] where m pipz stands for N- 
methylipiperazine. The above mentioned DTA curve has also been analysed by Devi [15] 
using a  rigorous com puter code o f curve fitting. Here also, we find a resonable agreement 
between the values of kinetic parameters.
7. Conclusioii
In the present paper we develope a method o f evaluation of trapping parameters from TL 
P^ak by using the first and second derivative TL (DTL) curves. The suitability o f the 
present m ethod is judged  by applying it to extract trapping param eters of com puter 
simulated and experim ental TL peaks, ft is also shown that the method can also be used to 
ttetermine kinetic param eters from a DTA curve.
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